Forest landscape in Seti River basin of Western Nepal is not conserved within the protected area network. Wildlife habitats in Seti River basin are more vulnerable due to high anthropogenic disturbance and habitat fragmentation. Present study mainly focused to evaluate the major factors that determine the distribution of large mammals in Seti River basin by walking through 34 line transects that covered a total of 59.89 km. The distribution of large mammals was greatly affected by habitat types, human disturbances, topography and altitude. Himalayan gorals were recorded in the steep grass covered areas where as Muntjacs were found in most of the habitats and slopes. There was low occurrence of all species nearer to the settlements and roads. Besides, water sources played a vital role in distribution of wildlife, as there were more occurrences of signs of large mammals nearby water resources. In the study area, community forests played a major role in the conservation of viable population of large mammals. However, habitat fragmentation due to scattered human settlements and degradation of foraging grounds such as grasslands by succession and invasion of alien plant species added more threats to the survival of large mammals. Therefore, such situation can be improved through the protection of connecting forest patches and scientific management of forests and grasslands.
INTRODUCTION
Nepal, a biodiversity rich Himalayan country is situated in the central part of the world's top 20 global biodiversity hotspots, the Himalayas (CI 2004) with six biomes and twelve out of 867 terrestrial eco-regions of the world (Dinerstein et al. 2007 , Shrestha et al. 2010 . Nepal has diverse geological and geographical structures and has thousands of rivers flowing from north to south forming gorges, river basins and valleys . A diverse geographic structure has maximum relief, steep slope and rugged terrain (Hegan 1998) . Unique geographic position and variation in the altitude and climate of Nepal supports diverse flora and fauna. The human settlements are scattered in the mid-hill of Nepal that fragments the natural forest habitats of wildlife.
Fragmentation and loss of habitat are recognized as the greatest existing threats to biodiversity (Fahrig 2003 , Hilty et al. 2006 . Cumulative researches indicate that habitat loss has consistent negative impact on biodiversity (Closset-Kopp et al. 2016 , Shrestha 2004 . Humancaused habitat fragmentation precipitates biodiversity decline because it destroys species, disrupts community interactions, and interrupts evolutionary processes (Ehrlich & Ehrlich 1981 , Erb et al. 2012 . Habitat quality in fragments may be a more important determinant of assemblages of mammals (Delciellos et al. 2015) . Global extinction of species, driven by anthropogenic factors, is occurring at an unprecedented rate (Bloom et al. 2005 , Bendix et al. 2017 , Karanth & Kudalkar 2017 . Among more than 83000 species evaluated, 29 % are categorized as threatened (IUCN 2019) . Large terrestrial mammals are among the most threatened taxa in the world, with 25 % of species facing extinction and 50 % with declining populations (Ceballos 2007) . Furthermore, mammals of South Asia such as Bengal tiger, snow leopard, greater one horned rhinoceros, Asiatic elephant are among the most endangered , Karanth et al. 2010 ).
Twenty-five species of mammals in Nepal are globally threatened and 17 are near threatened (Amin et al. 2018 , IUCN 2019 . Similarly, 49 species were evaluated as nationally threatened (nine critically endangered species, 26 endangered species and 14 vulnerable species). Likewise, seven species were listed in near threatened and 83 species were listed in data deficient (Amin et al. 2018) . Correspondingly, 73 mammals have been listed in the CITES Appendices (32 in Appendix I, 14 in Appendix II and 27 in Appendix III) (Jnawali et al. 2011 , DNPWC 2018 .
Conservation of biodiversity through protected areas (PAs) has been weaker on several aspects, because they are too small and isolated to maintain viable populations of many species (Naughton-Treves et al. 2005) . Possibility study of linking habitats in human-dominated mid-hill landscape as in Tanahun district is highly applicable for habitat extension of wildlife in isolated protected areas (Cooke et al. 2018 ) such as Chitwan National Park. Hence, this study mainly focused to evaluate factors determining distribution of large mammals in Seti River basin. The main objective of this study was to obtain a better understanding of how forest types, anthropogenic activities (disturbance) and topographic structures influenced the distribution of mammals in human dominated landscapes.
MATERIALS AND METHODS

Study area
Study area encompasses most parts of Seti River basin including the Devghat, Bandipur, Abukhairani Rural Municipalities and Byas Municipality of Tanahun district. The study area covers an area of 429.47 km 2 (Fig. 1 The majority of the forest areas are fragmented by cropland and human settlements (Adhikari et al. 2018, unpublished data 
Methods
Transect layout
A total length of transects was estimated as suggested by Burnham et al. (1980) and Morrison and Kennedy (1989) . The major habitats, slopes and patch size were determined during pilot survey and with the help of topographic maps developed by Department of Survey, Government of Nepal. The size and length of transects varied according to the habitat types and size of the forest patches, slopes, aspects, settlements and croplands. We followed the Seti River basin and laid 34 line transects with total linear distance of 59.89 km (mean= 1.76, SE= 0.13, range= 0.89-3.66 km) (Fig. 1b) .
Presence/ absence survey of mammals
Presence/absence data were collected using transects survey (Silveira et al. 2003) . The signs left by the animals such as pugmarks/foot print, dung/dropping/scat and other signs (scrap, scent marks etc.) are a reliable indicator of animal presence and have frequently been used for estimating abundance . The signs left by the large mammals, such as faecal matter, scratch, scrap marks were observed at regular interval of 100m distance, by developing the quadrates of 10×10 m 2 to determine the presence or absence. Besides these, the ungulates were surveyed by direct observation method. The group size of the ungulates was recorded with their age and sex composition. The collected data were used to estimate the presence/absence, abundance and distribution pattern.
Topographic, habitats and disturbance data collection
Topography and habitat variable was collected along the same transects where signs of large mammals were found (Table 1 ). The indicators of anthropogenic disturbances such as livestock grazing, firewood/timber collection, fodder collection, road construction and distance to trails/roads/settlements were explored in the study area. The signs of the human disturbances were reordered within the 10×10 m 2 quadrates at the interval of 100 m along the transects. These data were categorized to measure the habitat disturbance status (HDS) (Blom et al. 2005 . In each sampling points, following information was recorded. 
Data analysis
Canonical correspondence analysis (CCA) was used for each species and then compared with the associations of species with environmental variables, topography, disturbance variables, because the behaviour in terms of habitat preference and tolerance to disturbance for different species differ significantly (Leps & Similaur 2003 , terBraak 1995 . CCA is highly useful to analyse the multiple correlated variables and also helps to compare a complex relationship between species and environment (Leps & Similaur 2003) hence, it was selected for analysis to measure associations of the species with habitat and disturbance variables using Program CANOCO (CANOCO v. 4.56; terBraak 2009 ). In addition, the data was presented in the form of biplot (MacFaden & Capen 2002) . For all analysis, a Monte-Carlo permutation test (using 499 unrestricted permutations) was used to identify the environmental variables that were significantly associated with the variation in the distribution of species (Manly 2007 , Baeza et al. 2007 , Blake & Loiselle 2018 . (Shamoon et al. 2018) , Malasia (Sasidhran et al. 2016) , Indonisia (Sulistyawan et al. 2017) and India (Jeganathan et al. 2018) found similar type of results and problems in human dominated fragmented habitats (Fahrig 2003 , Haddad et al. 2015 . Northern red muntjac showed a wide range of distribution, as it is adapted to live in a wide variety of habitats including degraded and fragmented forest near human settlements (Oka 1998 . The preferable habitats for goral were scattered throughout the study area and they were mostly found in steep grassy slopes. A similar type of distribution pattern was reported in different works (Fakhar-i-Abbas et al. 2008 , Hajra 2002 , Mishra & Johnsingh 1996 .
Effects of topography on distribution of mammals
Topography (slope of the landscape and altitude) plays a significant role on the distribution of mammals. Seti River basin possesses comparatively larger areas of sloppy, steep than moderately slope. Plane area is very low as these areas are limited to flood plains and valleys of Seti River basin. The forest of plane areas is fragmented by crop land and settlement areas. CCA analysis of the species with topographic variables showed that most of the mammals show close association with moderately slope and sloppy areas. However, Chital showed the association with plane areas as this species was only recorded in the community forest of Devghat areas (Raniban CF, Madhuban CF). Common langur was mainly recorded in slope and steep areas. Most of the signs left by Common leopard were recorded in moderately slope areas whereas the sign of Himalayan black bear was recorded in sloppy and moderately slope areas in high altitude of Seti River basin (Fig. 3) . Himalayan goral was closely associated with the varieties of habitats throughout the mountains (Paudel et al. 2015 , Wegge & Oli 1997 and was reported as adapted to the steep slope (Mishra & Johnsingh 1996 . Himalayan black bear and Himalayan gorals are high altitude specialist mammals, therefore, mostly abundant in high altitude (Ashraf et al. 2016 , Bista et al. 2018 . Hence, the signs of Himalayan black bear and sighting of Himalayan goral were recorded very low in Seti River basin. 
Effects of human disturbance on distribution of mammals
CCA between the mammals and HDS of study area showed very close association of chital, Himalayan gorals, Wild boar, Muntjac with low disturbed areas. Common langur showed close relation with disturbed areas, as they were recorded nearer the settlements and were very common in and around the holy place of Devghat and associated places. The signs left by the Common leopard showed close association with very low disturb areas where the abundance of Himalayan goral, Northern red Muntjac and Wild boar were more. The sign left by the Himalayan black bear was very low in this study area hence they did not show relation with disturbance (Fig. 4) .
However, studies showed that Himalayan black bear mainly preferred to stay far from human disturbances (Bista & Aryal 2013) . Regular disturbances caused by human activities could offer a change in distribution and behaviour of mammal that consequently increases conflict with people (Cheyne et al. 2016 , Adhikari et al. 2018 . Hence, the habitat and prey preference of carnivores also depends on the degree of habitat disturbances in the human dominated landscapes (Bhattarai & Kindlmann 2018) . In general terms, diversity, abundance, total biomass, and mean biomass of species tend to decrease with increasing human disturbance (Oberosler et al. 2017 ). The abundance of major prey species of Common leopard and Bengal tiger except primates, was highly negatively associated with disturbances ). Our study found that human disturbance played significantly negative role in detection probability of target species (F= 1.67, P =0.04). Research on factors influencing the distribution of large mammals within a protected central African forest indicated that human activities significantly influence the distribution of large mammals, even within the protected areas (Blom et al. 2005) . Human activity on trails and roads may lead to indirect habitat loss, further limiting available habitat (Rogala et al. 2011) . Presence of wildlife from distance to roads and settlements also indicate the nature and tolerance of the wildlife towards sources of human disturbances. The CCA biplot of species with response to the distance of roads and settlements show the significant relation (F= 1.67, P =0.04) (Fig. 4) . Himalayan gorals were recorded far from the roads or settlements. However, the signs of Common leopard were recorded nearer the roads or trails. It might be less disturbed due to very rare use by the people. Likewise, most of the signs of the Himalayan black bear were recorded far from the roads/trails and settlements and therefore Himalayan black bears showed less affinity with distance of roads or trails. The Northern red muntjacs were found close to the settlements as they were less sensitive to human disturbances (Mishra 1982) .
CONCLUSION
The distribution of large mammals along topographic, habitat and disturbance variables varied according to the nature of species. Species response to different habitats of Seti River basin indicated that Himalayan goral showed more affinity towards steep area with grass patches but Northern red Muntjac and Common leopard showed close affinities with wide variety of habitats such as open area, mixed hardwood forest and Schima-Castanopsis forest and sloppy areas. Common langur was mostly recorded near the human settlements. Most of the mammals were recorded nearer to the water resources but far from the settlements and roads. The signs of presence of large mammals were recorded mostly in the habitats located in the jurisdiction of community forests. Present study clearly showed that the distributions of large mammals were greatly affected by habitat and disturbance factors. These findings may help researchers to identify the research gaps and for the natural resource managers to set the conservation strategies.
